Abstract: Loading/unloading a ladder on vehicles are frequent tasks and involve overhead handling that may expose workers to risk factors of shoulder musculoskeletal disorders. The objective of the present study was to evaluate posture, forces required and perceived exertion when loading and unloading the ladder on a utility truck. Thirteen male overhead line workers from an electric utility in Brazil participated in this study. Shoulder elevation angle was measured using inclinometers. The required force to load/unload the ladder was measured by dynamometer. Subjective assessment of the perceived exertion was recorded to compare the exertion reported during the test conditions to the field conditions. The task of loading/unloading the ladder presented risks of shoulder musculoskeletal disorders (MSDs) to workers because it requires high levels of force (approximately 60% of the maximal force) combined with overhead posture of the shoulders (more than 100° from the neutral posture). Age and height presented to interfere in biomechanical risks presented in load/unload task. There was no significant difference between the subjective exertion during the test conditions and handling the ladder in the field. Ergonomic intervention is recommended to reduce these risks for shoulder MSDs.
Introduction
Diverse workers use ladders in their daily work activities, such as overhead line workers, telephone technician and construction electricians. The use of ladders at different workplaces requires the frequently loading and unloading of the ladders from the vehicle. In the available literature, Imbeau et al. [5] identified workers complaints regarding the task of loading/unloading the ladder in the vehicle support due to its high disposition (1.8 meters above the ground), requiring the worker to be tiptoed to reach the ladder. Moriguchi et al. [11] found high levels of shoulders elevation during loading/ unloading the ladder from the trucks among overhead workers, which may expose them to risk factors of musculoskeletal disorders affecting the shoulder. Besides the biomechanical overload, lifting, manipulating and load/unload the ladder from the vehicle is also related to 21% of environmental ladder accidents [Bell Canada, 1993 apud 5] .
Although some of these studies have identified the presence of risk factors for musculoskeletal disorders, the task of loading and unloading a ladder on a truck/vehicle ( Figure 1 ) has not been already evaluated in details. In this sense, the biomechanical load involved in this task needs to be evaluated. The objective of the present study is to evaluate the posture, forces required and perceived exertion when loading and unloading the ladder on a utility truck. 
Methods

Subjects
Thirteen male overhead line workers from an electric utility in Brazil participated in this study (mean age 37.8±8.1 years; height 1.77±0.07 meters; experience on the job 11.3 ±7.9 years). This sample corresponds to 87% of line workers that perform emergency/maintenance function at an utility's regional branch.
Procedures
Posture, forces required and perceived exertion were evaluated during loading and unloading the ladder on a utility truck.
Posture
Shoulder elevation angle was measured using inclinometers fixed below the deltoid insertion (Logger Tecknologi, Akarp, Sweden) for 13 workers at 20Hz of data acquisition. However, 4 line worker's data were excluded due to technical problems. The reference position was obtained with the subject sitting with the arm hanging perpendicular to the floor with a 2 kg dumbbell in the hand and the forward direction position for upper arms was set at 90º of elevation in the scapular plane.
Shoulders posture was recorded during maximal pulling and pushing force tests.
Force
Thirteen workers were asked to simulate the force required to load and to unload the ladder on a device fixed on the ladder support on top of the bed of the truck, at a height of 1.70 meters above the ground. (Figure 2 ). A dynamometer (Kratos, DDK, 100kgf) was inserted in the device to record the pulling and pushing force required to unload and load the ladder, respectively, and the maximum pulling and pushing forces. Each trial was performed three times with 30 seconds of interval between them. The order of the simulation tasks was random and the maximal force was measured just after the simulation of the tasks. 
Perceived exertion
Eleven workers answered twice a subjective assessment of the perceived exertion using the Borg CR10 Scale [2] . Perceived exertion scale was used to compare the exertion reported during the test conditions with the dynamometer (Figure 2 ) to the exertion of loading/unloading the ladder in field conditions, where force and posture was not measured.
Data analysis
The 50 th percentile (median) of the angular distribution data was considered to verify the shoulder posture during maximal voluntary contraction recordings. The mean of the three trials was calculated to present the shoulder elevation.
The pulling and pushing force measurements to unload and load the ladder, respectively, are presented in kgf and also in relation to the maximum force (percentage of maximal force). The mean of three trials was calculated to verify the required force to perform the tasks.
A B
Since the data presented normal distribution using the Kolmogorov-Smirnov test, Pearson Correlation test was used to verify the correlation between the variables (age, height, pulling and pushing force in relation to maximal force, perceived exertion in the field and during test conditions, right shoulder elevation) and T-test was used for paired comparisons. Statistical tests were performed using SPSS 11.5 (SPSS Inc, Chicago, IL, USA).
Results
For unloading the ladder the required force was 22.4±8.1kgf (58.8±11.9% of maximal pulling force). For loading the ladder the required force was 23.1±7.2kgf (60.5±12.0% of maximal pushing force). There was no statistical difference between the required force to load and unload the ladder (p=0.6). The levels of shoulder elevation during maximal pulling test were 103±6° for the right and 104±11° for the left upper arm.
During maximal pushing test, the right upper arm presented 111±13° of elevation and the left one, 112±16°. The amplitude of shoulder posture presented during pushing test were statistically higher than pulling test for the right (p=0.04) and for the left shoulders (p<0.01). There was no significant difference (p=0.23) between the subjective exertion during the test conditions (mean of perceived exertion scores were 3.3±1.9) and handling the ladder in the field (mean of perceived exertion scores were 2.7±1.7).
Correlations between dependent variables could be seen at Table 1 . Table 1 Correlations between age, workers height, pulling and pushing force required to load and unload the ladder on the truck in relation to the subjects' maximal force. Borg Perceived exertion rates using the ladder at filed and at test site, and right upper arm elevation. Statistical significant correlations were found between age and perceived exertion using the ladder in the field (r=0.63), showing that older workers presented higher levels of perceived exertion. The found correlation between worker height and pushing force to load the ladder (r=-0.58) reveals that taller workers perform the task with lower percentage of maximal force. Taller workers also presented lower levels of shoulder elevation (r=-0.67). The correlation between pulling force to unload the ladder and shoulder elevation (r=0.75) agrees with the previous correlations that indicates lower levels of shoulder elevations and lower levels of force are required for taller workers to perform the task and the opposite for shorter workers. Perceived exertion experienced during the test conditions presented to be related to perceived exertion in field conditions (r=0.65).
Discussion
The tasks of loading and unloading the ladder on a truck present risks of shoulder musculoskeletal disorders (MSDs) to workers because they require high levels of force (approximately 60% of the maximal force) combined with overhead posture of the shoulders (more than 100° from the neutral posture). The combination of high force and overhead posture, mainly for pulling backwards, require high levels of shoulder muscles activities [3] . According to Chopp et al. [3] , to exert 30N of force to pulling backwards, it could require, respectively, more than 25%, 20% and 15% of maximal voluntary exertion for the deltoid, upper trapezius and infraspinatus muscles. On the other side, the pushing forward forces require lower level of muscle activity, around 90% less than when pulling backwards, which could be related to gravitational assistance during pushing [3] . Other difference between pulling and pushing tasks is the minor level of lower back compression during pushing [6] . However, almost the same amount of joint moment load during pushing and pulling tasks at shoulder level have been reported by Kuijer et al. [6] . By this way, the high levels of force exerted and shoulders awkward postures presented by the line workers when loading and unloading the ladder indicate the need for task ergonomic redesign.
The simulation of the loading/unloading task using the constructed device required the same exertion of the workers when the task was performed in field conditions. This result indicates that the setup built for the simulation of the experimental conditions was reliable. In both cases, low scores of perceived exertion were found for loading/unloading the ladder although the high levels of force required to perform the task. These results could be related to the short duration of the exertions to perform the task.
Age was associated with perceived exertion (r=0.63), which could be related to the reduced musculoskeletal capacity in the older workers [4] . This factor could also be related to the change on the types of task performed by older workers [9] . According to Parkhouse and Gall [9] , older workers reduce their work on poles and powers, but present higher or equal frequency of pushing and pulling tasks. By this way, the task of loading and unloading the ladder on the truck could have different impact among older workers.
The correlations between the subjects' height and pushing force (r=-0.58) and between pulling and the shoulder elevation (r=0.75) showed that taller workers use less percentage of maximal force to load/unload a ladder. In this sense, for shorter workers the overload of loading/unloading the ladder are higher, since higher levels of force require higher levels of muscles activation, which lead to more tension on tendons [1] .
Considering the high number of shoulder complaints among overhead workers [7] and the risk factors described here, ergonomics intervention is necessary to reduce these risks for shoulder musculoskeletal disorders. This is particularly important when we consider that older workers are kept working longer and that age is associated with strength reduction.
